Clothes washer standards in China -- The problem of water andenergy trade-offs in establishing efficiency standards by Biermayer, Peter J. & Lin, Jiang
LBNL-55115 
Ernest Orlando Lawrence 
 Berkeley National Laboratory 
 
 
Clothes Washer Standards in China – the Problem of Water and 
Energy Trade-offs in Establishing Efficiency Standards 
 
 
 
 
Peter J. Biermayer and Jiang Lin 
 
 
 
Environmental Energy Technologies Division 
 
 
 
May 2004 
 
  
DISCLAIMER 
This document was prepared as an account of work sponsored by the United States Government. 
While this document is believed to contain correct information, neither the United States 
Government nor any agency thereof, nor The Regents of the University of California, nor any of 
their employees, makes any warranty, express or implied, or assumes any legal responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by its trade name, trademark, 
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof, or The 
Regents of the University of California. The views and opinions of authors expressed herein do 
not necessarily state or reflect those of the United States Government or any agency thereof or 
The Regents of the University of California. 
  
Clothes Washer Standards in China – the Problem of Water and Energy 
Trade-offs in Establishing Efficiency Standards 
 
Peter J. Biermayer and Jiang Lin, Lawrence Berkeley National Laboratory (LBNL) 
 
 
 
ABSTRACT 
 
Currently the sales of clothes washers in China consist of several general varieties.  Some  
use more energy (with or without including hot water energy use) and some use more water. 
Both energy and water are in short supply in China.  This poses the question - how do you trade 
off water versus energy in establishing efficiency standards?  This paper discusses how China 
dealt with this situation and how it established minimum efficiency standards for clothes 
washers. 
 
Introduction 
 
 In 1989, China’s State Bureau of Quality and Technical Supervision (SBQTS) 
established standards for eight residential products.  The first China mandatory efficiency 
standard for clothes washer was promulgated in 1990. (CLASP 2004)  In the past, in China, as 
well as other countries, clothes washer minimum efficiency levels and labeling was based on 
energy consumption, and water consumption was not taken into consideration.1  In China, the 
test procedure and the minimum efficiency levels are both included in the same document 
referred to as a standard.  While this report refers to minimum efficiency standard, the same 
analysis applies to informational and endorsement labeling schemes. 
 
Background 
 
 In September 2001, Energy Analysis Department of the Environmental Energy 
Technologies Division at LBNL began a project with China National Institute of Standardization 
(CNIS), the agency in China given the responsibility to establish minimum efficiency 
performance standards (MEPS) for appliances.  LBNL helped them do analysis with the goal of 
setting minimum efficiency standards on clothes washers.  This entailed showing them how the 
analysis is performed in the U.S. for the Department of Energy.  In December 2001, training was 
provided in market assessment, test procedures, engineering analysis, consumer impacts, and 
national energy & water saving impacts.  Because of our awareness of water shortage issues in 
both the U.S. and China, it was decided early on to analyze both together for the Chinese clothes 
washer standards so that by requiring lower energy use we do not just exacerbate the water 
shortage problem.  After data collection and analysis by CNIS, as well as their dialog with 
industry on the proper level of the MEPS, CNIS set a minimum efficiency standard for clothes 
washers in 2003.  The efficiency standard included both energy and water consumption.  In 
addition  to MEPS, China also has an informational label and an endorsement label for clothes 
                                                 
1 In the U.S. the costs of water for clothes washing was included in the economic justification for energy efficiency 
standards, but no standard was set for water efficiency.  
  
washers.  These include information on energy, water and the cleaning performance of the 
clothes washer. 
 
 
Overview of the Chinese Clothes Washer Market 
 
Types of Washers 
 
 China had several different types of clothes washers. These can be classified into three 
basic types listed in Table 1 below. 
 
Table 1. Types and Market Share of Clothes Washers in China 
Type Country of Greatest Popularity Percentage of Sales 
Impeller (pulsator) Asian 90% 
Horizontal axis (drum type) European 10% 
Agitator (vertical axis) American Very few 
Source: Chen Jianhong et al., 2003 
 
 In an impeller washing machine the textiles are substantially immersed in the washing 
water and the mechanical action is produced by a device rotating about its axis continuously or 
which reverses after a number of revolutions (an impeller).   The uppermost point of this device 
is substantially below the minimum water level. (IEC 1998).  These are also known as vortex,  
jet type or pulsator type.  See Figure 1. 
In a horizontal drum washing machine textiles are placed in a horizontal or inclined drum 
and partially immersed in the washing water, the mechanical action being produced by rotation 
of  the drum about its axis, the movement being either continuous or periodically reversed. (IEC 
1998)  See Figure 2. 
 In an agitator washing machines the textiles are substantially immersed in the washing 
water and the mechanical action is produced by a device moving about or along its vertical axis 
with a reciprocating motion (an agitator).  This device usually extend above the maximum water 
level. (IEC 1998)   
Within these categories, there are several subcategories.  For impeller types, there are 
single cylinder and double cylinder, which can be semi-automatic or automatic.  For the 
horizontal drum type, most come with an internal electric water heater, although some do not 
have an integral heater. 
 China clothes washers are dominated by the impeller models, which are also popular in 
Japan, while the drum type (also known as horizontal axis, tumbler or front loader type) clothes 
washer is gaining in popularity.  The American style clothes washers (top loaded vertical axis 
models with an agitator) are not commonly available in China today.   
 The type of clothes washer as well as the penetration or market saturation varies greatly 
between urban and rural areas.  In the year 2000, 90.5% of urban consumers had a clothes 
washer, as compared  to only 26% in rural areas. (Chen et al. 2003)  The drum type of washer is 
much more prevalent in urban areas then in rural areas. 
 
 
 
  
Figure 1. Impeller Type Washer 
 
 
 
Figure 2.  Drum Type Washer 
 
  
Effect of Washer Type on Energy and Water Consumption 
 
 Due to the rise of water rates, consumers are paying more attention to the water 
consumption of washing machines. This is influencing the popularity of drum type washers over 
impeller washers.  Drum machines are also gaining in popularity as they are perceived to not 
damage clothes, however, they have a high price, are difficult to move and have a long wash 
time. (Chen et al. 2003)  Table 2 below summarizes the basic differences between impeller and 
drum washers.  Using less water also reduces electricity consumption, due to less water pumping 
required to the household and less waste water that needs to be treated. 
  
Table 2. Washer designs can be a trade-off between water and energy savings 
Impeller Washer Uses more water Uses less energy 
Drum Washer 
Uses less water 
Uses more energy 
Greater cleaning ability? 
 
 Table 3 shows that the power consumption of drum type washers appears to be ten times 
greater than an impeller type washer, based on the Hong Kong voluntary efficiency standard.  
However, what may not be commonly realized is that the energy consumption is measured with 
two very different test procedures. 
  
Table 3. Voluntary Energy Efficiency Standard for Washing Machines in Hong Kong 
Type Power Consumption Standard Specification 
Automatic/ semi-automatic drum 
type washing machines 
0.26kWh/kg  
(hot water) 
IEC 456:1994 
(drum type washers) 
Automatic / semiautomatic 
impeller or milling washing 
machines 
0.0264 kWh/kg 
 (cold water) 
JIS C 9606:1997 
(impeller or agitator 
washers) 
Source: (Chen et al. 2003) 
  
 
                                                
As drum type washers become more popular, there could be a large increase in energy 
consumption for washing clothes, especially if a change is made to washing with hot water.  
Drum type washers use approximately ten times more energy, while using less water than the 
traditional impeller washers.  To a large extent, this is caused by the fact that the energy 
consumption of drum washers is rated under the hot wash cycle, while that for the traditional 
impeller washer is rated under the cold wash cycle.2  Currently only a small minority of urban 
households use hot water to wash clothes.  Even accounting for the difference due to hot water 
the drum washers would probably still consume twice as much energy as the impeller type 
washers. (Jiang Lin 2002) 
 
 
 
 
2 It is unclear as to what assumptions are made in measuring energy consumption in the JIS test, as it does not 
require an energy consumption test.   For the cleaning test, the test procedure uses 30°C water. 
  
Differences in Washing Clothes 
 
 Unlike the U.S. and Europe, most residential wash in China is washed in cold water.   If 
such a pattern persists, the power consumption (if based on hot water use) of drum clothes 
washers would be grossly overestimated.  As a consequence, drum models would be unfairly 
penalized in the market place, given their water saving advantage.  However, if the availability of 
drum models with internal heating features leads to a switch in washing behavior from cold to 
hot wash, the future energy used to wash clothes in China would increase substantially. (Jiang 
Lin 2003c)  China may begin to use hot water more as hot water heaters become available.  This 
may also be influenced by the price of fuel needed to heat the water. 
 
Cultural Implications for Clothes Washing Energy and Water Use 
 
 Little is certain about how cultural/behavioral changes are influenced by technological 
changes.  Would Chinese consumers abandon clothes lines and embrace clothes dryers? Will 
they adopt hot wash cycle, with its higher cost as well as (probably) better washing performance.  
The availability of detergents that clean effectively in cold water may have some influence on 
this.  Also how clean is clean enough?  Some anecdotal evidence suggests drum washers clean 
better than impeller washers.  Such cultural dimensions of appliance usage need to be explored in 
the future to enhance our understanding of their energy consumptions. (Jiang Lin 2002)  Clothes 
washer energy consumption is more dependent on consumer usage patterns than other appliances 
such as refrigerators. 
 
Other Considerations 
 
 Some suspect the drum washers do not clean as well under cold wash cycle.  It is not 
clear why this should be, since cleaning performance is related to washing duration, temperature, 
the type of detergents used, other things being equal.  It would be worthwhile to conduct 
experiments to assess energy use and cleaning performance of drum machines under the cold 
wash cycle. 
Other questions worthy of research might include: 
 Should cleaning performance of the washers be measured? 
 Do machines clean equally well? 
 How clean is clean enough? 
 Is a lower efficiency standard for Chinese drum washers justified because they may not 
have detergents as effective as those sold in Europe? 
 
 The European argument is that the washers must clean and not just save energy.  In the 
U.S. the Department of Energy (DOE) position is that it sets the minimum efficiency and the 
market decides whether the washers do an adequate job of cleaning. 
 
 
 
 
 
 
  
Test Procedures 
 
 Before an efficiency level can be set, a common procedure is needed to measure the 
energy and water usage of a clothes washer. 
 
First Test Procedure 
 
 Prior to 2003, China had a test procedure based on the energy consumption portion of the 
“European” IEC test procedure.  The first attempt by CNIS at determining the national energy 
and water saving impacts was based on the assumption of using 60°C hot water, based on the 
European test procedure.  Table 4 below shows the product classes and allowed energy use in the 
1989 standard / test procedure.   
 
Table 4.  First Chinese Standard on Clothes Washers (1989) 
Type Sort The maximum allowed 
energy consumption per 
kilogram of wash (Wh/kg) 
Single-tub washer 24 
Twin-tub washer 28 
Half-auto single-tub washer 29 
Half-auto twin tub washer 32 
Pulsator (impeller) type 
Auto washer 38 
Auto-washer without heating water None Roller (drum type) 
Auto-washer with heating water None 
Source: (AQSIQ 1989) 
 
Selecting a Test Procedure 
 
There are several factors that influence the choice of test procedures.  One is that 
harmonizing with international standards would increase trade and exports by reducing technical 
barriers to trade, especially now that China is a member of the WTO.  Another is that the test 
procedure should be representative of how an appliance is actually used in the country where it is 
sold.  Unlike some appliances the energy use of a clothes washer is very dependent on how it is 
used by the consumer.  In addition, a balance must be met on the complexity of a test procedure 
and how well it replicates actual use. 
 
International Test Procedures 
 
 In developing a new set of efficiency levels, revising the test procedure was a 
consideration.  The first step taken was to review other test procedures around the world.  In 
general clothes washer testing procedures around the world were developed based on regional 
washing habits.  In Europe, the clothes washer test specifies that hot water be used.  In the U.S. 
test procedure, assumptions are made as to the percentage of clothes that are washed in hot, 
warm and cold water, as well as the temperature of the rinse water.  In addition, in the U.S. the 
moisture content of the test clothes are measured after a wash in order to determine how much 
energy is needed to dry the clothes in an electric or gas dryer.  Japan’s test procedure does not 
  
specify a test for energy consumption but the washing performance test is based on common 
washing habits in Japan, including the use of 30°C water.  Japanese washers use only cold water 
but can be set up to use bath water for the wash cycle.  
  
Approach Taken for the New 2003 Test Procedure 
 
  The new, 2003 Chinese testing procedure for clothes washer is a combination of Japanese 
and European testing procedures: impeller machines are tested under the Japanese test procedure 
and the drum machines are tested under the ISO/European test procedure. (Jiang Lin 2003a)  The 
impeller or “Japanese” style will be tested using the JIS Japanese test procedure, whereas, the 
drum type (also called horizontal axis type) will be based on the European test procedure.  This 
approach is the same as the voluntary label approach taken by Hong Kong.  The Hong Kong 
labeling scheme purpose is to be able to compare impeller washers to other impeller washers and 
drum type washers to other drum type washers.  This was not meant to be used to compare an 
impeller type to a drum type washer. 
 
Test Procedure and Calculated Energy Savings 
  
Adopting or adapting international standards and test procedures is in general a good 
practice.  However, in the case of clothes washers, the difference in test procedures introduces 
arbitrary biases in the energy performance of washers, which have significant negative impacts 
on standard and labeling requirement.  Impeller washers are tested with 30°C water, while drum 
washers are tested with 15°C water that are internally heated to 60°C (140°F).  Thus, drum 
washer energy rating includes energy for heating water, while the impeller rating does not.   
Therefore, the information label would offer unfair comparisons between drum and impeller 
machines under the current testing conditions.  Class A drum washers would be rated as using 
ten times more energy than class A impeller washers.  This contradiction would not only weaken 
the value of the label, but would also lead to a bias against drum washers which save water, 
another important resource in China.  In fact, if Chinese consumers continue to use cold wash 
cycle, the drum washers would use perhaps twice the amount of energy as the impeller types, but 
would provide an important water saving feature. 
 
Recommendations  for a Revised Test Procedure 
 
 Based on these observations, Jiang  recommended CNIS initiate the work on revising the 
test procedure so that both impeller and drum washers are tested with 30°C (86°F) water without 
internal heating. 
 Revising the test procedure would also have large long-term impact on clothes washing 
energy use.  If adequate cleaning performance can be achieved under the current cold wash usage 
pattern, it would be a mistake to encourage the proliferation of washers with internal heating 
units, which is likely to lead to much higher energy use for clothes washing in the future.  The 
best test procedure should attempt to simulate the usage conditions  in real life, which in China 
today is almost entirely cold wash cycle. 
 If tested under the cold wash cycle, the rated energy use performance of impeller and 
drum washers can be compared on equal footing.  More importantly, the MEPS and labeling 
requirement based on these ratings would discourage the inclusion of internal heater in clothes 
  
washers, which could significantly influence the future energy use of clothes washers.  This 
assumes that China will not start hooking their drum washers up to an external hot water supply. 
 
Setting A Minimum Energy Efficiency Standard 
 
Deciding on a Minimum Efficiency Level 
 
 CNIS places high importance on the opinions of the clothes washer manufacturers in 
China.  At the new, 2003, efficiency levels, it is likely that all currently built models will meet 
the new energy efficiency and water use limits of the new standard. 
 According to Jiang, the setting for drum washers at 350 Wh/kg is too lax, as according to 
manufacturers and test laboratories the energy use of drum machines are in the range of 200 – 
250Wh/kg. (Jiang Lin 2003a)  In addition, the lowest life-cycle cost for drum washers in the 
engineering analysis was at 223 Wh/kg. (Jiang Lin 2003a)  Comparing this to the European 
standard, the 350 Wh/kg is the requirement for category E drum machines for the EU labeling 
scheme.3 On December 31, 1999 the EU has effectively phased out clothes washer categories 
below the C level.  Only 2% are in the category D level.  The average use of drum washers in the 
EU is 213 in 2001. 
 
Informational Labeling 
 
 Energy efficiency information labels as well as minimum efficiency standards are also 
affected by the test procedure.  Given the ambiguity in the Chinese washer testing procedure, it is 
fairly easy for manufacturers to manipulate the energy use of their washers by dropping the 
washing temperature. (Jiang Lin 2003a)  One manufacturer suggested that 90% of Chinese drum 
washers could qualify for a “A class” (at 190 Wh/kg).  Most if not all washers in a category 
receive the highest efficiency rating, the value of the label for differentiating products is negated. 
(Jiang Lin 2003a) 
 
Current MEPS, Informational Label Criteria and Endorsement Label Criteria 
 
 Shown in Table 5 below are the new (2003) limits on clothes washer energy and water 
use.   
Table 5. New Limits on Electricity and Water Use  (MEPS) 
Clothes Washer Type Unit Electricity Limit 
(kWh/ cycle /kg) 
Unit Water Limit 
(L/ cycle /kg) 
Impeller, automatic 0.032 (30°C water) 36 
Drum 0.350 (60°C water) 20 
Source: (AQSIQ 2003) GB 12021.4 –2003   
 CNIS decided to use two different test procedures with different assumptions for setting 
minimum values for clothes washer energy use, however, it is useful that they included both 
water as well as energy consumption. 
                                                 
3 In Europe appliances are assigned a letter grade, with “A” being the more efficient. 
  
 Other approaches that could have been taken is to have the same assumptions for both 
drum and impeller type washers so that they could be directly compared.   Additional reported 
information could have been hot water energy, cold water use and motor energy.  This would 
also assist with a comparison for those washing in cold water. 
 
 Table 6 shows the levels used to assign washer rating levels for the information label.  
These can assist consumers in identifying washers with higher efficiencies than required. 
 
Table 6. Energy Efficiency Label Rating (Informational label) 
Impeller Drum Washer 
Rating Electricity 
KWh/cycle/kg 
Water 
L/cycle/kg 
Clean 
ratio 
Electricity 
KWh/cycle/kg 
Water 
L/cycle/kg 
Clean 
ratio 
1 ≤0.012 ≤20 ≥0.90 ≤0.19 ≤12 ≥1.03 
2 ≤0.017 ≤24 ≤0.23 ≤14 
3 ≤0.022 ≤28 
≥0.80 
≤0.27 ≤16 
≥0.94 
4 ≤0.027 ≤32 ≤0.31 ≤18 
5 ≤0.032 ≤36 
≥0.70 
 ≤0.35 ≤20 
≥0.70 
Source: (AQSIQ 2003) GB 12021.4 –2003 
 
 Table 7 below shows another set of clothes washer levels used for an endorsement label 
administered by CECP.   
 
Table 7.  Endorsement Label Criteria4 
Washer type Electricity 
KWh/cycle/kg 
Water 
L/cycle/kg 
Clean ratio 
Impeller ≤0.017 (30°C water) ≤24 ≥0.80 
drum ≤0.230 (60° C water) ≤14 ≥0.94 
Source: (AQSIQ 2003) GB 12021.4 –2003 
 
 It is interesting to note that under the proposed standard, the drum type washers use 
almost ten times as much electricity as the impeller ones, but consume only half as much water.  
The difference in energy use is largely due to the difference in test procedures:  impeller models 
are tested with water temperature of 30°C (as prescribed in the Japanese test procedure), while 
drum models are tested with input water of 15°C but heated to 60°C internally (as prescribed in 
IEC test procedure followed in Europe).  This difference certainly biases against the drum 
clothes washers, other things being equal.  (Jiang Lin 2003c) 
 
Design Options 
 
 Options for improving energy efficiency fall into two main categories:  
1. reduce the amount of hot water and the need to heat it 
                                                 
4 Administered by CECP 
  
2. reduce the electricity consumption by using more efficient motors, pumps and 
transmission systems. 
 
 Because of the large differences in energy and water consumption between impeller and 
drum type washers, the minimum level of efficiency the washer must meet does not just 
influence the efficiency within that category but may also have an effect on which type of washer 
the consumer  uses.  For example, in addition to other factors the consumer uses to select which 
washer to purchase consumer may choose to save more water or more energy based on 
information on the label.  Analysis of national  energy savings is made more difficult due to the 
possibility of one type of washer being replaced by another. 
 
Conclusions 
 
 When promulgating energy efficiency standards the effects on other parameters such as 
water use also need to be examined.  If only energy consumption were analyzed, a minimum 
efficiency performance standard (MEPS) may have the unintentional effect of increasing water 
use, particularly if it causes consumers to switch from one type of clothes washer to another.  
The new (2003) Chinese standard includes both measures for saving electricity and water.    
 The selection of a test procedure can have an effect on energy and water savings.  If the 
test procedure does not compare different types of washers in an equitable way or if the test 
procedure differs significantly from how clothes washers are actually used, the true affect on 
energy and water savings will not be determined. 
 In order to avoid a decision that would either favor energy or water savings, CNIS treated 
two different types of washers as different products to be tested under different test conditions.  
This solves the problem of having to make a judgment on whether to eliminate a product type in 
order to give priority to either water or energy savings. However, it makes it difficult to compare 
two different types of washers.  The best approach is to use a test procedure based on how a 
product will be actually used but to have some of the basic assumptions consistent so as not to 
bias unfairly the choice of washers.  This may necessitate modifying international standards to 
take into account Chinese usage. 
 
Acknowledgements 
 
 This work was funded by the Energy Foundation through the Department of Energy 
contract number DE-AC03-76SF00098. 
 
References 
 
(APEC 2004) Asia-Pacific Economic Cooperation. 2004. Country Fact Sheet, Hong Kong China. 
Available online: 
[ http://www.apec-esis.org/economy.asp?id=6 ] 
 
(AQSIQ 2003) China State Administration of Quality Supervision , Inspection, and Quarantine. 
 2003. The Maximum Allowable Values of the Energy Consumption and Energy 
 Efficiency Grade for Household Electric Washing Machines. GB  12021.4-2003, 
 Beijing, 
  
 
(AQSIQ 1989) China State Administration of Quality Supervision , Inspection, and Quarantine. 
 1989. The Maximum Allowable Values of the Energy Consumption and Energy 
 Efficiency Grade for Household Electric Washing Machines. [original in Chinese] GB 
 12021.4-1989, Beijing, 
 
Chen Jianhong, Li Aixian, Zhao Yuejin, Chyen Haihong, Liu Wei, Liang Xiuying, and Fan 
 Yuhua.  2003. “Energy Efficiency Potential of Standards and Labeling in China” .  Final 
 report of the China Sustainable Energy Program of the Energy Foundation Grant #G-
 0202-06173. 
Available online: 
http://www.efchina.org/documents/CNIS_EC_potential_EN.pdf 
 
 (CLASP 2004) Collaborative Labeling and Appliance Standards Program. 2004 “Standards & 
 Labeling and Energy Efficiency Programs by Country”. May 2004 
Available online: 
http://www.clasponline.org/standard-label/programs/country1.php3   
 
(Hong Kong 1997) The Hong Kong Voluntary Energy Efficiency Labelling Scheme for Washing  
 Machines. December 1997.  The Government of the Hong Kong Special Administrative 
 Region of the People’s Republic of China, Hong Kong 
 
(IEC 1998)  International Electrotechnical Commission 60456. 1998-06.  Clothes washing 
 machines for household use – Methods for measuring the performance  
 
Jiang Lin. 2002. Project Report to China Sustainable Energy Program on the China Clothes 
 Washer Standard Project, The Energy Foundation, October 30, 2002 
  
Jiang Lin. 2003a. Lawrence Berkeley National Laboratory.  Personal communication. Technical 
 notes on draft China clothes washer standard, April 9, 2003 
 
Jiang Lin. 2003c.  “Appliance Standards and National Labeling Program.”  Paper presented at 
 Earth Technology Forum, 2003. 
 
 
 
 
 
 
  
